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Abstract—We developed experimental procedures to
evaluate glass materials using the line-focus-beam ultrasonic-
material-characterization (LFB-UMC) system. We pre-
pared 28 specimens of a commercial borosilicate glass from
random lots, and measured the velocities of leaky-surface
acoustic waves (LSAWs) and leaky-surface-skimming com-
pressional waves (LSSCWs), VLSAW and VLSSCW, using
V(z) curve measurements at 225 MHz and 23 C. The ve-
locities for VLSAW ranged from 3121.83 m/s to 3149.77 m/s,
with a maximum deviation of 27.94 m/s. The velocities
for VLSSCW ranged from 5547.7 m/s to 5585.0 m/s, with
a maximum deviation of 37.3 m/s. To investigate these
observed variations in VLSAW and VLSSCW, we measured
the bulk acoustic wave (BAW) properties, viz., longitudi-
nal and shear velocities, then the densities and the chem-
ical compositions of 8 of the 28 specimens. The LFB-
UMC measurements confirmed that decreases in VLSAW
and VLSSCW occur mainly with the B2O3 dopant concen-
trations, corresponding to the decrease of shear-wave and
longitudinal-wave velocities that are caused by the decrease
of the stiffness constants c44 and c11, respectively, rather
than with decreased densities. The sensitivities are  6 36
102 wt%/(m/s) for VLSAW and  4 87 102 wt%/(m/s)
for VLSSCW. This demonstrates that the LFB-UMC system
is effective for evaluating glass materials and controlling
production processes, by analyzing variations in chemical
composition through the super-accurate velocity measure-
ments of LSAWs and LSSCWs.
I. Introduction
Glasses, especially silicate glass containing a high per-centage of silicon dioxide (SiO2), have excellent heat
and thermal shock resistance, chemical durability, and op-
tical properties; and they are widely used as industrial
products, laboratory science products, and optical prod-
ucts [1]–[3]. The refractive index and thermal expansion
coefficients of glass as optical device material for optical
components, optical fibers, and planar lightwave circuits
are controlled by changing the concentration of impurities
that are doped into silica glass [4]–[7]. The acoustic prop-
erties of glass as acoustic device material for bulk acoustic
wave (BAW) and surface acoustic wave (SAW) devices also
must be homogeneous, because they are related to the per-
formance and productivity of the devices [8], [9]. Thus, ho-
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mogeneities in the above-mentioned properties with con-
trol of chemical composition and the production process
conditions should be evaluated with a high degree of ac-
curacy, and the evaluation results should be fed back to
improve quality of the required properties in the produc-
tion process.
Our new method for analyzing glass materials uses ul-
trasonic micro-spectroscopy [10], primarily the line-focus-
beam ultrasonic-material-characterization (LFB-UMC)
system [11], because the acoustic properties of glass are
closely related to its other physical and chemical prop-
erties [1]–[3], [12]–[20]. This system evaluates and ana-
lyzes materials by accurately measuring the propagation
characteristics of leaky surface acoustic waves (LSAWs)
that propagate on the water-loaded specimen surface us-
ing LFB ultrasonic devices, and those of bulk longitudinal
and shear waves using plane-wave ultrasonic devices. We
applied this technology to study the scientific and indus-
trial problems associated with glass materials: basic study
of relationships between impurity concentrations and the
acoustic properties [21], evaluation of optical fiber preform
[22], evaluation of the silica glass production process [10],
[23], [24], and evaluation of homogeneity of glass substrates
for SAW devices [8], [9]. The applied technology success-
fully demonstrated its usefulness and effectiveness.
In this study, we take commercial Pyrex glass (as glass
material), and evaluate and select them by the velocity in-
formation of two leaky acoustic waves, LSAW, and leaky
surface skimming compressional wave (LSSCW), using the
LFB-UMC system. We measure the BAW properties (viz.,
longitudinal-wave and shear-wave velocities), and the den-
sities, and the chemical compositions, and compare them
with the results of the LSAW and LSSCW velocities to in-
vestigate the significance of characterizing the Pyrex glass
using this ultrasonic method.
II. Specimens
Twenty-eight specimens of commercial borosilicate
glass [C-7740 (Pyrex), Corning Inc., Corning, NY) were
extracted at random from different lots. Two types of spec-
imens were used for measurements: circular plates with
diameters of 25 mm and square plates 50 mm × 50 mm.
The Pyrex glasses were produced by the conventional fu-
sion method. However, the forming processes were differ-
0885–3010/$20.00 c© 2005 IEEE
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Fig. 1. V(z) curve analysis for Pyrex glass at 225 MHz. (a) Typical V(z)curve. (b) VL(z) curve for a lens response. (c) Interference waveform
of VI(z) curve for LSAWs. (d) Interference waveform of VI(z) curve for LSSCWs.
ent for the two types. The circular plates were obtained
from cylindrical rods produced by the drawing process,
and the square plates were obtained from plate sheets pro-
duced by the rolling process [25]. The circular plates were
randomly obtained from one end of 20 cylindrical rods
(25 mm φ × 1500 mm). The square plates were a total of
eight specimens obtained from three ingots: three from the
first ingot, three from the second ingot, and two from the
third ingot prepared at neighboring positions in each ingot.
All the specimens were about 4.7 mm thick. All the spec-
imens were optically polished on both major sides with a
parallelism of less than 6 seconds.
III. Leaky Acoustic Wave Velocities
A. Measurement Method
We measured leaky acoustic wave (LAW) velocities
using the LFB-UMC system for a water-loaded, glass-
specimen surface for which the word “leaky” means a flow
of acoustic energy into water caused by the water-loading
effect. The measurement method has been described in de-
tail in the literature [26]. Fig. 1(a) depicts the typical V(z)
curve measured for a Pyrex glass specimen at an ultrasonic
frequency of 225 MHz. Two interference waveforms ap-
pear: one with a shorter oscillation interval from near the
focal point (z = 0 µm) to about −250 µm, and another
with a longer oscillation interval from about −150 µm to
−500 µm. In the interference waveforms, the former is as-
sociated with Rayleigh-type LSAWs that propagate on the
water-loaded specimen surface with radiating energy into
water, and the latter is associated with LSSCWs that have
mainly longitudinal particle displacement with radiating
energy into both the water and specimen substrate [26].
According to the analytical procedure of V(z) curve analy-
sis, the lens response of an ultrasonic device [VL(z) curve,
Fig. 1(b)] was subtracted, and each interference compo-
nent [VI(z) curve] was extracted using a digital filter tech-
nique. Fig. 1(c) shows the VI(z) curves for LSAWs, and
Fig. 1(d) shows those for LSSCWs. The oscillation inter-
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vals ∆z for the LSAW and LSSCW modes are determined
by fast Fourier transform (FFT) analysis. Both the LSAW
velocity, VLSAW, and LSSCW velocity, VLSSCW, are ob-
tained from the following:
V =
VW√
1 −
(
1 − VW
2f∆z
)2
, (1)
where VW is the longitudinal-wave velocity in water and f
is the ultrasonic frequency.
B. Standard Specimen for System Calibration
To obtain absolute values of the LSAW and LSSCW
velocities measured by the LFB-UMC system, we cali-
brate the system using an appropriate standard specimen
whose elastic constants and density have been accurately
determined [27], [28]. The BAW velocities of longitudi-
nal and shear waves, V and Vs, and density ρ were ac-
curately measured for one selected specimen to represent
the standard among the specimens. By replacing the LFB
focused ultrasonic devices with bulk plane-wave ultrasonic
devices, we measured the BAW velocities at the central
position by the complex-mode measurement method [29]
using radio-frequency (rf) tone-burst-pulse signals for a
frequency range from 50 to 300 MHz [28]. The specimen
thickness was measured to be 4656.07 µm by a contacting
method with a digital length gauging system with an opti-
cal encoder [28]. As Pyrex glass exhibited significant veloc-
ity dispersion in the very high frequency (VHF) range, this
effect was considered in the measurement [30]. The mea-
surement results of V and Vs are shown in Fig. 2(a). The
velocities of both exhibited remarkable velocity dispersion
in this frequency range. The density measurement was
based on the Archimedes principle [31]. The density was
2222.48 kg/m3. Using the velocities and density, we cal-
culated the frequency dependences of VLSAW and VLSSCW
according to the analytical procedures [32], [33]; the results
are shown in Fig. 2(b). Assuming water was an ideal fluid,
we neglected attenuation in the specimen. The LSAW and
LSSCW velocities exhibit velocity dispersion as well as the
BAW velocities. For the system calibration, we must use
the calculated velocities of LSAWs and LSSCWs at the
same frequencies as the measurements were conducted.
C. Results
The V(z) curves first were measured 50 times at
225 MHz near the center of each specimen, in order
to confirm the measurement reproducibility. The mea-
surement temperatures were approximately 23◦C, and
the temperature variation during the measurements was
within ±0.012◦C for an average value with ±2σ (σ: stan-
dard deviation). The reproducibility of velocity measure-
ment was within ±2σ = ±0.007% for LSAWs and
±2σ = ±0.022% for LSSCWs. We have attained a repro-
ducibility of ±2σ = ±0.0013% in VLSAW at an arbitrary
Fig. 2. Dispersion of BAW and LAW velocities for a standard speci-
men of Pyrex glass. (a) Measured longitudinal-wave and shear-wave
velocities. (b) Calculated LSAW and LSSCW velocities.
single chosen point for a single crystal such as lithium tan-
talate (LiTaO3) and used in our analysis the interference
waveform recorded for a full region of the defocused dis-
tance in the V(z) curve [34]. From the VI(z) curves of the
Pyrex glass [Figs. 1(c) and (d)], we can understand that
the LSAW velocity is determined from a smaller region
for analysis. We also understand that there is a small ex-
citation efficiency for the LSSCW mode resulting in less
acceptable signal-to-noise ratio (SNR) in the interference
signal. Therefore, the reproducibility of those velocities de-
clined.
We then performed V(z) curve measurements for line
scanning along one direction on the surfaces of several
specimens. For example, Fig. 3 illustrates the typical re-
sults of VLSAW and VLSSCW obtained for one squared-plate
specimen and one circular-plate specimen. The measure-
ments for the squared plates were made along a distance
of ±23 mm in 1-mm steps, and those for the circular
plates were made along a distance of ±11 mm in 0.5-mm
steps. For the squared-plate specimen, the maximum ve-
locity variations were 0.53 m/s (0.017%) for VLSAW and
2.9 m/s (0.052%) for VLSSCW. For the circular-plate spec-
imen, the variations were 3.32 m/s (0.103%) for VLSAW
and 5.6 m/s (0.100%) for VLSSCW. When considering the
reproducibility of results for VLSAW and VLSSCW for the
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Fig. 3. Typical distributions of leaky acoustic-wave velocities mea-
sured at 225 MHz for Pyrex glass specimens. Solid lines: circular-
plate specimen. Dotted lines: squared-plate specimen. (a) LSAW
mode, (b) LSSCW mode.
Pyrex glass, there were significant differences in the veloc-
ity variations between the two types of plate specimens.
Similar results were observed for other specimens, that is,
the squared-plate specimens, including the standard spec-
imen, were more homogeneous with much less variation
for VLSAW and VLSSCW than for the circular-plate speci-
mens. These results could be associated with the different
glass fabrication processes, because the temperature dis-
tributions on the forming processes cause distributions in
various properties, such as chemical compositions, residual
stresses, and so on.
We then compared the velocities of all the specimens.
Due to the velocity distributions of the specimens, we per-
formed V(z) curve measurements for a two-dimensional
scanning of 5 mm × 5 mm in 1-mm steps around the cen-
ter of each specimen. Fig. 4 presents the statistical re-
sults of the averaged LSAW and LSSCW velocities. The
averaged values for VLSAW ranged from 3121.83 m/s to
3149.77 m/s with a maximum deviation of 27.94 m/s; and
those for VLSSCW ranged from 5547.7 m/s to 5585.0 m/s
with a maximum deviation of 37.3 m/s. Inhomogeneities
Fig. 4. Statistical distributions of leaky acoustic-wave velocities for
Pyrex glass specimens. (a) LSAW mode, (b) LSSCW mode.
within the 5 mm × 5 mm areas were obtained for all
the specimens with the maximum velocity variations of
0.27–2.78 m/s for VLSAW and of 1.7–6.4 m/s for VLSSCW.
The distributions of VLSAW were broadly divided into five
groups classified as 1, 2, 3, 4, and 5 in order of higher
velocity. The squared-plate specimens for each of groups
1, 3, and 4, prepared from the same ingots, had better
homogeneities in the LSAW and LSSCW velocities. Com-
paring the averaged LSAW velocities in each of the three
groups, the variations were 0.14 m/s for group 1, 0.16 m/s
for group 3, and 0.59 m/s for group 4, so we could observe
a maximum variation of 0.59 m/s for the squared-plate
specimens. The standard specimen belonged to group 4.
In general, as the LSAW velocities increased, the LSSCW
velocities increased. However, it seemed that the distribu-
tions of the LSSCW velocities were slightly different from
those of the LSAW velocities. In the relationship of the
LSSCW velocities between groups 3 and 4, the VLSSCW of
group 4 was higher than that of group 3, in comparison
with the relationship for the LSAW velocities.
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We successfully detected inhomogeneities in the Pyrex
glass as changes in LSAW and LSSCW velocities, depend-
ing upon the ingots and positions. Based on our experi-
ence, these different LSAW and LSSCW velocities could
be related to the different chemical compositions among
the specimens and the different glass transition temper-
atures among furnaces used in the fabrication processes
[23], [24].
IV. Discussion
A. Relationship with BAW Properties
To investigate the causes of the velocity variations of
LSAWs and LSSCWs observed among the 28 specimens,
we measured the corresponding BAW properties of V, Vs,
and ρ in the same way as for the standard specimen. Mea-
suring BAW properties takes more time than measuring
LSAW and LSSCW propagation characteristics. There-
fore, a total of eight specimens was extracted from each
group: one (specimen A) from group 1, three (specimens
B, C, and D) from group 2, one (specimen E) from group
3, one (specimen F) from group 4, and two (specimens G
and H) from group 5.
We measured the velocities at the central position at
23 ± 0.1◦C and the densities at about 23◦C. The measure-
ment accuracies of BAW velocities were within ±0.10 m/s
at each frequency, and those of the densities were within
±0.2 kg/m3. Both the longitudinal and shear-wave veloc-
ities of the eight specimens exhibited significant velocity
dispersion, as well as those of the standard specimen, and
as the frequency increased, both velocities increased. The
velocity dispersion differs depending on the specimens.
The maximum differences of longitudinal-wave velocities of
1.85 m/s–2.37 m/s were in a frequency range of 50 MHz to
230 MHz, and those of shear-wave velocities of 0.99 m/s to
1.38 m/s were in a frequency range of 60 MHz to 250 MHz.
Pyrex glasses are isotropic solids, and the elastic constants
c11 and c44 can be derived from the following:
c11 = ρV 2 , and (2)
c44 = ρV 2s . (3)
Table I summarizes the LSAW velocities, LSSCW ve-
locities, and BAW properties (V, Vs, ρ, c11, and c44) at
225 MHz. The BAW properties also were broadly divided
into five groups, like the LSAW and LSSCW velocities.
The maximum differences in the BAW properties among
the specimens were 41.66 m/s for longitudinal-wave veloc-
ities, 31.74 m/s for shear-wave velocities, and 6.29 kg/m3
for densities. As a general tendency, all the BAW proper-
ties increased linearly as the LSAW and LSSCW veloci-
ties increased. However, when considering the properties
for groups 3 and 4 in which the relationship between the
LSAW and LSSCW velocities was reversed, the values of
V, ρ, and c11, for group 3 deviated from and were slightly
smaller than the tendencies among the other specimens.
The tendencies of the variations in LSAW (LSSCW) veloc-
ities correspond to those in the shear-wave (longitudinal-
Fig. 5. Variations of normalized elastic constants and densities ver-
sus variations of normalized velocities at 225 MHz. Circles: elastic
constants. Squares: densities. (a) Longitudinal wave, (b) Shear wave.
wave) velocities. This may be due to the fact that the dom-
inant particle displacements are mainly the shear-wave
component for the LSAW mode and the longitudinal-wave
component for the LSSCW mode. Therefore, it could be
meaningful to determine the ratios of the phase veloci-
ties such as VLSAW/Vs and VLSSCW/V. For all the speci-
mens, VLSAW/Vs was 0.9163 ± 0.0002 and VLSSCW/V was
1.0027 ± 0.0005.
Here, we can discuss effects of the elastic constants and
density on the BAW velocities, from (2) and (3). Using
the data in Table I, the measured velocities, elastic con-
stants, and densities are normalized by their minimum val-
ues. Fig. 5 presents the results of the elastic constants and
densities versus the normalized velocities. The change of
c11 is six times as large as that of ρ for the longitudinal-
wave velocities, and the change of c44 is eight times as large
as that of ρ for the shear-wave velocities. Therefore, the
changes of the velocities are mainly caused by the changes
of the elastic constants.
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TABLE I
Acoustic Properties of Pyrex Glass at 225 MHz.
VLSAW (m/s) VLSSCW (m/s) V Vs ρ c11 c44
Group Specimen Av. Max. Diff. Av. Max. Diff. (m/s) (m/s) (kg/m3) (×1010 N/m2) (×1010 N/m2)
1 A (s)1 3149.77 0.28 5585.0 2.6 5572.65 3438.17 2226.20 6.9133 2.6316
2 B (c) 3135.44 1.15 5565.4 3.3 5549.43 3421.92 2223.40 6.8472 2.6035
C (c) 3135.33 0.53 5565.1 2.3 5549.39 3422.02 2223.36 6.8470 2.6036
D (c) 3135.17 1.05 5564.6 4.8 5549.33 3422.01 2223.32 6.8467 2.6035
3 E (s) 3129.20 0.34 5557.1 1.8 5542.04 3415.14 2220.79 6.8210 2.5901
4 Std. (s) 3127.72 0.29 5558.2 2.6 5544.43 3413.45 2222.48 6.8321 2.5896
F (s) 3127.13 0.33 5557.8 5.2 5544.35 3413.13 2222.35 6.8315 2.5889
5 G (c) 3121.87 1.33 5547.8 5.0 5530.99 3406.43 2220.07 6.7916 2.5761
H (c) 3121.83 1.41 5548.3 6.0 5531.04 3406.69 2219.91 6.7912 2.5763
1(c) Circular plate; (s) square plate.
B. Relationship with Chemical Compositions
The chemical compositions of the eight specimens
were analyzed by an X-ray fluorescence analysis system
(PW2400, Philips Inc., Almelo, The Netherlands). SiO2,
B2O3, Na2O, and Al2O3 were the main elements, and K2O,
Cl, Fe2O3, TiO2, ZrO2, P2O5, and CaO were the minor
elements. To examine the measurement accuracy for each
element, 10 measurements were repeated for one of the
specimens, so the measurement variations in the concen-
trations of the main elements were estimated to be 1.4% for
SiO2, 11.1% for B2O3, 1.3% for Na2O, and 1.4% for Al2O3.
X-ray fluorescence analysis is unable to obtain an accurate
B2O3 concentration, which is composed of the light ele-
ment boron. Therefore, another Pyrex glass specimen was
prepared as a reference specimen for the chemical compo-
sition analysis, and the B2O3 concentration was analyzed
by inductively coupled plasma-atomic emission spectrom-
etry (ICP-AES). The data analyzed by X-ray fluorescence
analysis were corrected using the obtained value of B2O3
as a reference.
Table II presents the results of the chemical composi-
tions and the nominal data published by the manufacturer.
As the B2O3 concentration increases, concentrations of the
other elements tend to decrease. A relatively large amount
of K2O of 0.57 wt% for the specimen E was detected, so
the borosilicate glass of group 3 might be mistaken in the
specimen preparation by another agency. The inclusion of
K2O provided an additional effect on the velocity changes
of the LSAWs, LSSCWs, and BAWs, as well as the density
changes, and resulted in the reversal of the tendencies in
the velocity changes.
We investigated the relationships between the chemi-
cal compositions and the LSAW and LSSCW velocities.
Fig. 6 illustrates the results of plotting the LSAW and
the LSSCW velocities for the concentrations of B2O3
as the main dopant. The solid lines are approximations
for the measured velocities, excluding those for specimen
E containing the extra dopant of K2O. As the B2O3
concentration increased, both the LSAW and LSSCW
velocities decreased. The gradients of the approximate
lines were −15.7 (m/s)/wt% for the LSAW mode and
Fig. 6. Leaky acoustic-wave velocities at 225 MHz versus B2O3 con-
centrations. Solid lines are approximations for measured data, ex-
cluding data for specimen E. (a) LSAW mode, (b) LSSCW mode.
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TABLE II
Chemical Compositions of Pyrex Glass (in wt%).
Group Specimen SiO2 B2O3 Na2O Al2O3 K2O Others
1 A 81.6 12.2 3.94 2.09 0.01 0.12
2 B 81.8 12.1 3.89 2.09 0.12
C 81.5 12.5 3.90 2.08 0.10
D 81.4 12.6 3.88 2.09 0.12
3 E 82.4 11.4 3.35 2.16 0.57 0.11
4 F 81.3 12.6 3.98 2.01 0.12
5 G 80.7 13.3 3.81 2.06 0.01 0.11
H 80.6 13.4 3.80 2.07 0.01 0.11
Reference 81.5 12.6 3.91 1.85 0.10
Catalog 80.6 13.0 4.0 2.3 0.1
−20.6 (m/s)/wt% for the LSSCW mode. The relation-
ships of LSAW and LSSCW velocities for synthetic silica
glass with various dopants such as B2O3, Al2O3, TiO2,
GeO2, P2O5, and F have been described in the litera-
ture [21]. The LSAW velocity varies by −40.3 (m/s)/wt%
with the B2O3 concentration, and the LSSCW velocity,
by −73 (m/s)/wt%. With Al2O3 as the third dopant, the
LSAW velocity varies +7.2 (m/s)/wt%, and the LSSCW
velocity varies +25 (m/s)/wt%. The tendency of the
LSAW and LSSCW velocities to decrease with increasing
B2O3 concentrations obtained in the experiments was con-
sistent with those reported in the literature [21], but the
gradients differed because the gradients obtained in this
paper neglected the effects of the other dopants (Na2O
and Al2O3). The decreasing of both LSAW and LSSCW
velocities with the B2O3 concentration could be explained
with the following changes in glass structure. According
to the literature [35], the structure of pure silica glass
has continuous, three-dimensional network, composed of
SiO4 tetrahedra. Covalent bondings are partially broken
by doping B2O3, resulting in the formation of nonbridging
oxygen. As a result, the connectivity of the structure of sil-
ica glass becomes softer, and the elastic constants become
smaller. Anyway, the variations in the acoustic properties
found among the Pyrex glasses examined are thus primar-
ily caused by variations in the chemical compositions.
The sensitivities of LSAW and LSSCW velocities
to the B2O3 concentrations are found to be −6.36 ×
10−2 wt%/(LSAW-m/s) and −4.87×10−2 wt%/(LSSCW-
m/s) from the gradients of the approximate lines in Fig. 6.
Considering the reproducibility (±2σ) of the measure-
ments, the estimated resolutions were 0.013 wt% for the
LSAW mode and 0.057 wt% for the LSSCW mode. Assum-
ing that the differences in maximum velocity among the
specimens are caused by the different B2O3 concentrations,
we could estimate the differences in the concentrations to
be 1.78 wt% by the LSAW measurement and 1.81 wt% by
the LSSCW measurement. Similarly, using the information
of LSAW and LSSCW velocities, we estimated the distri-
butions in the B2O3 concentrations for the circular plate
specimen shown in Fig. 3 to be 0.20 wt% by the LSAW
mode and 0.27 wt% by the LSSCW mode. These results
demonstrate that this ultrasonic method enables analyz-
ing the chemical composition changes within and among
specimens as velocity changes with much higher accuracy
than in the conventional chemical methods such as X-ray
fluorescence analysis.
V. Conclusions
In this study, we established the experimental proce-
dures for characterizing and evaluating glass materials of
commercial Pyrex glass using the LFB-UMC system. We
determined the LSAW and LSSCW velocities of 28 random
samples through V(z) curve measurements at 225 MHz.
We observed significant velocity changes in both LSAW
and LSSCW modes, depending upon the ingots and po-
sitions of the specimens within the ingots. The maximum
velocity variations were 27.94 m/s for LSAWs and 37.3 m/s
for LSSCWs.
To investigate the causes of these variations in the
LSAW and LSSCW velocities, we measured BAW prop-
erties and chemical compositions for eight selected speci-
mens. The velocities of LSAWs and LSSCWs were closely
related to the shear-wave and longitudinal-wave velocities,
because of the dominant particle displacement components
for each surface-wave mode. All the velocities, including
the BAW velocities, decrease as the B2O3 concentrations
increases. We found that the velocity changes for the B2O3
concentrations are primarily related to the changes in the
elastic constants rather than in the densities. In the mea-
sured LSAW and LSSCW velocities, we found an irregular
velocity change for one group of the specimens contain-
ing an unexpected amount of K2O. We obtained the re-
sults by chemical analysis, necessitating study of another
type of borosilicate glass, quite similar to Pyrex glass. We
need to further investigate the effects of Na2O and K2O
on the LSAW and LSSCW velocities to achieve a gen-
eral understanding of the characterization and evaluation
of glass material using this ultrasonic method. The LFB-
UMC system has the capability of measuring LSAW and
LSSCW velocities, and the corresponding BAW velocities
and chemical compositions. After once establishing a dic-
tionary of the interrelationships among the different prop-
erties, the system’s greatest advantages of nondestructive,
noncontact evaluation and super accuracy.
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We demonstrated that the LFB-UMC system is ex-
tremely useful for evaluating and selecting glass substrates,
and for evaluating and controlling production processes.
These results can be used as feedback for controlling fab-
rication processes to minimize inhomogeneities in the dif-
ferent chemical compositions and/or the different thermal
histories of the ingots, which were detected as the differ-
ences in velocity. These results predict that this ultrasonic
method and system will contribute significantly to real-
ization of ideal glass characteristics. They will also greatly
improve homogeneity among the production lots of special
silica glasses, having excellent physical properties such as
ultra-low expansion [36]–[38] as well as having desirable
optical properties.
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